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ABSTRACT

A Semiconductor chip having contacts on a front Surface is
provided with pads and traces on the rear Surface. These
pads and traces desirably are not electrically connected to
internal components within the chip. In a Stacked assembly,
a chip overlies the rear Surface of the first-mentioned chip
and is connected to the pads. The traces are connected to a
Substrate Such as a circuit board, as by wire-bonding before
applying the Second chip, So that the Second chip is electri
cally connected to the Substrate through the pads and traces.
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SIMPLIFIED STACKED CHIPASSEMBLIES
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. The present application claims benefit of U.S.
Provisional Patent Application Serial No. 60/391,522, filed
Jun. 25, 2002, the disclosure of which is incorporated by
reference herein.
BACKGROUND OF THE INVENTION

0002 The present invention relates to semiconductor
chip assemblies and to components and methods for making
Such assemblies.

0.003 Typical semiconductor chips are planar, usually
rectangular Solid bodies having oppositely-directed front
and rear Surfaces and edges extending between these Sur
faces. A chip typically has contacts on the front Surface
which are electrically connected to the electronic compo
nents inside the chip. The length and width of the front and
rear Surfaces, referred to herein as the horizontal dimensions

of the chip, typically are many times larger than the thick
neSS of the chip or the dimensions of the edges, also referred
to herein as the vertical dimension of the chip.
0004 Chips ordinarily are mounted on circuit panels such
as circuit boards with the front and rear Surfaces of the chips
parallel to the plane of the circuit board. Most commonly,
each chip is provided in a package having terminals Separate
from the contacts of the chip itself, and the package is
mounted to the circuit board. For example, a package may
include a Small dielectric element, commonly referred to as
a chip carrier, having metallic terminals. The chip is
mounted to the chip carrier with the front or rear surface of
the chip facing the chip carrier and the contacts of, the chip
are electrically connected to the terminals on the chip carrier
by leads Such as wire bonds or metallic Strips provided on
the chip carrier. The chip and leads typically are covered by
an encapsulant. The packaged chip can be mounted to the
circuit board by solder-bonding the terminals of the chip
carrier to the circuit board. In other cases, “bare’ or unpack
aged chips are mounted directly to a circuit board with the
front or rear Surface of the chip facing the board.
0005 To make the circuit board as Small as possible, it is
desirable to minimize the area of the circuit board occupied
by each chip. One way to do this is to Stack chips, one above
the other, So that Several chips can be mounted on an area of
the circuit board approximately the same as the area required
to mount a single chip. In one Such arrangement, each chip
is provided in a separate unit incorporating the chip and a
chip carrier having peripheral regions which extend hori
Zontally outwardly, beyond the edges of the chip. Each chip
carrier has terminals in the peripheral regions. The units are
Stacked So that the chip in each unit is aligned with the chip
of the adjacent units, and So that the peripheral regions and
terminals of adjacent units are also aligned with one another.
The terminals of adjacent units are connected to one another
by conductorS Such as Solder masses So as to form Vertical
connections extending through the Stack. Such a Stacked
assembly can be mounted on a circuit panel. This arrange
ment can be used with chips of various types. However, it
incurs the costs associated with the chip carriers.
0006 If the chips to be incorporated in a stacked assem
bly have contacts only in edge regions, near the edges of

their front Surfaces, it is possible to make a Stack by placing
a Smaller chip directly on the front Surface of a larger chip.
The rear Surface of the Smaller chip confronts a central
region of the larger-chip front Surface, leaving the contact
bearing edge regions of the larger chip exposed. The front
Surface of the Smaller chip faces upwardly, away from the
larger chip, So that the contacts of the Smaller chip are also
exposed. The contacts of both chips can be connected by
wire bonds to a circuit board or chip carrier disposed below
the larger chip. The wire bonds extend downwardly outside
the edges of the larger chip. This arrangement can be used
for more than two chips, provided that each chip in the Stack
is smaller than the chip below it. While this arrangement
avoids the cost of Separate chip carriers for each chip in the
Stack, it is not Suitable for packaging chips which have
contacts near the centers of their front Surfaces. Moreover,

this arrangement is not Suitable for packaging Several iden
tical chips in a Stack as required, for example, where
identical memory chips are to be Stacked.
0007 Further improvements in stacked chip assemblies
and in chips Suitable for Stacking would be desirable.
SUMMARY OF THE INVENTION

0008 One aspect of the invention provides an improved
chip. A Semiconductor chip according to this aspect of the
invention preferably has a body with oppositely-directed
front and rear Surfaces, contacts on the front Surface and

internal components Such as active Semiconductor devices
or passive components within the body. The internal com
ponents are electrically connected to the contacts on the
front Surface. The chip preferably also has pads on the rear
Surface, at least Some of these pads being electrically iso
lated from the internal components and has traces on the rear
Surface electrically connected to the pads. Most preferably,
the body has edges bounding the front and rear Surfaces and
the traces include bonding points disposed in the vicinity of
Said edgeS. The pads may be disposed near the center of the
rear Surface.

0009. A further aspect of the invention provides an
assembly of plural chips. A chip assembly according to this
aspect of the invention desirably includes a first Semicon
ductor chip, which may be a chip as discussed above,
including a first body with oppositely-directed front and rear
Surfaces, and having internal components within the first
body. The first Semiconductor chip also has contacts on the
front Surface connected to the internal components. The first
Semiconductor chip most preferably has pads on the rear
Surface of the first body and traces extending from these
pads along the rear Surface of the first body. The assembly
further includes a Second Semiconductor chip including a
Second body with oppositely-directed front and rear Sur
faces, the Second Semiconductor chip having internal com
ponents within the Second body and contacts on the front
Surface of the Second Semiconductor chip.
0010 Most preferably, the second semiconductor chip is
mounted on the first Semiconductor chip So that the Second
Semiconductor chip overlies the rear Surface of the first
Semiconductor chip, and the contacts of the Second Semi
conductor chip being electrically connected to the pads of
the first Semiconductor chip. In one arrangement, the front
Surface of the Second Semiconductor chip confronts the rear
Surface of the first Semiconductor chip. The contacts of the
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Second Semiconductor chip may be bonded to the pads of the
first Semiconductor chip by masses of electrically conduc
tive bonding material.
0.011 The assembly desirably also includes a substrate,
the chips being mounted on the Substrate, preferably with the
front Surface of the first Semiconductor chip facing toward
the Substrate. The contacts of the first Semiconductor chip
desirably are electrically connected to the substrate. The
traces on the rear Surface of the first Semiconductor chip
desirably are also connected to the Substrate So that the
contacts of the Second Semiconductor chip are connected to
the Substrate through the pads and traces on the rear Surface
of the first Semiconductor chip. In Such an arrangement, the
pads and traces on the rear Surface of the first Semiconductor
chip act in much the same manner as the conductive ele
ments of a chip carrier. However, this function is performed
without the need for an additional, Separate component.
0012. The assembly may include bonding wires extend
ing between the traces and the Substrate, the traces being
electrically connected to the Substrate through the bonding
wires. The bonding wires typically are connected to the
traces on the rear Surface of the first Semiconductor adjacent
the edges of the first Semiconductor chip. Thus, even where
the contacts of the Second Semiconductor chip and the pads
on the rear Surface of the first Semiconductor chip are
disposed remote from the edges of Such chip, it is still
practical to use simple, inexpensive bonding wires to make

tor chip is connected to the Substrate through the pads and
traces on the rear Surface of the first Semiconductor chip.
0016. The step of making electrical connections to the
traces on the rear Surface of the first chip desirably includes
wire-bonding the traces of the first Semiconductor chip to the
Substrate. The wire-bonding operation may be performed
before mounting the Second Semiconductor chip on the first
Semiconductor chip. AS discussed above in connection with
the assembly, the method can be used to assemble more than
two chips, desirably, the traces on the rear Surface of each
chip are wire-bonded or otherwise connected to the Substrate
before placing the next chip.

the connection to the Substrate.

invention.

0013 The substrate may be a circuit board, in which case

the chips can be directly connected to the circuit board
without the use of a package Substrate. Alternatively, the
Substrate may be a package Substrate having terminals
Suitable for mounting to a circuit board. Even where Such a
package Substrate is used, however, only one Such Substrate
need be used; there is no need for an additional Substrate for

every chip in the assembly.
0.014. The assembly can include more than two chips. For
example, the Second chip may have pads and traces on its
rear Surface, and the assembly may include a third Semi
conductor chip overlying the rear Surface of the Second
Semiconductor chip and electrically connected to the pads of
the Second chip. The traces on the rear Surface of the Second
chip may be connected to the Substrate, as, for example, by
bonding wires joining these traces near the edges of the
Second chip.
0.015 Yet another aspect of the invention provides meth
ods of making a Semiconductor chip assembly. A method
according to this aspect of the invention preferably includes
the Step of mounting a first Semiconductor chip to a Substrate
So that a front Surface of the first Semiconductor chip faces
toward the Substrate and a rear Surface of the first Semicon

ductor chip faces away from the Substrate, and So that
terminals of the first Semiconductor chip on the front Surface
thereof are electrically connected to the substrate. The
method desirably further includes making electrical connec
tions between traces on the rear Surface of the first Semi

conductor chip and the Substrate to thereby connect pads on
the rear surface of the first semiconductor chip with the
Substrate, and mounting a Second Semiconductor chip to the
first Semiconductor chip So that contacts of the Second
Semiconductor chip are electrically connected to the pads of
the first Semiconductor chip. Thus, the Second Semiconduc

BRIEF DESCRIPTION OF THE DRAWINGS

0017 FIG. 1 is a diagrammatic sectional view of a chip
according to one embodiment of the invention.
0018 FIG. 2 is a diagrammatic top plan view of the chip
shown in FIG. 1.

0019 FIG. 3 is a diagrammatic elevational view of a
Subassembly including the chip shown in FIGS. 1-2.
0020 FIGS. 4 and 5 are views similar to FIG. 3 but
depicting the Subassembly of FIG. 3 in conjunction with
other components.
0021 FIG. 6 is a diagrammatic sectional view of a
Subassembly according to a further embodiment of the

0022 FIGS. 7-9 are views similar to FIG. 6 but depicting

the Subassembly of FIG. 6 in conjunction with other com
ponents.

0023 FIG. 10 is a diagrammatic elevational view depict
ing an assembly in accordance with a further embodiment of
the invention.
DETAILED DESCRIPTION

0024. An assembly in accordance with one embodiment
of the invention includes a first semiconductor chip 10

(FIGS. 1 and 2) having a chip body with a front surface 12,

a rear Surface 14 and edges 16 extending between these
Surfaces and bounding the front and rear Surfaces. The chip

has contacts 18 on front Surface 12 and has internal elec

tronic components, Schematically depicted at 20, within the
chip body. In most Semiconductor chips, these internal
electronic components include “active” components Such as
transistors, diodes, logic gates and myriad other components
assembled in circuitry which can be of any type. However,
Some Semiconductor chips are also fabricated with only
“passive” components, i.e., resistors, capacitors and/or
inductors. AS used in this disclosure, the term "semiconduc

tor chip’ refers to a unitary body of material including one
or more Semiconductors, and which may also include other
materials. Such as insulators and metals within the body.
Also, the term “semiconductor chip” should be understood
as including the passivation layer which is commonly pro
Vided on eXposed Surfaces of the unitary body and which
forms a part of the unitary body. Such passivation layers can
include, for example, oxide or nitride films formed in the
deposition equipment used to apply the Semiconductor lay
erS and can also include layers of Substances Such as
dielectric polymers or metals which are bound to the other
portion of the unitary body and, hence, form a part of the
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body itself. Further, although contacts 18 are referred to
herein as being “on” surface 12, it should be understood that
this does not imply that the terminals necessarily project
above the Surrounding portions of Surface 12. For example,
the terminals may be flush with the remaining portions of the
Surface, recessed slightly into the body, or project above the
remaining portions of the Surface, provided that the contacts
are exposed for connection at Such Surface.
0.025 Chip 10 also has electrically conductive pads 22
and traces 24 on rear Surface 14. Here again, it is not
essential that the pads and traces project from the remaining
portions of the Surface as depicted, for example, in FIG. 1;
the pads and traces may be recessed, flush or projecting.
Pads 22 and traces 24 are carried on the chip itself, i.e., on
one of the Semiconductor, passivation or other layers of the
chip body, So that the pads and traces form an integral part
of the chip. The pads and traces may be formed lithographi
cally on the rear Surface of the chip, as by laminating a
metallic layer and then etching the metallic layer to form the
pads and traces on the rear Surface; by depositing the metal
to form the pads and traces on the rear Surface using
processes Such as Sputtering, evaporative deposition, chemi
cal vapor deposition or the like, and then etching the metallic
layer; or by depositing metal after providing a mask Such as

a photoresist (not shown) in areas where the metallic depos

its are desired and then Stripping away the photoresist. The
processes used to form the pads and traces may be Substan
tially the same as those commonly used to form contacts on
the front Surface of the chip. Most commonly, chips 10 are
fabricated in a wafer using conventional Semiconductor
processing equipment to form the internal components 20
and contacts 18 of numerous chips. Pads 22 and traces 24
desirably are fabricated while these numerous chips are still
in the form of a wafer, i.e., before the wafer is severed to

provide individual chips. Depending upon the electrical
design of the chip and of the Overall circuit, pads 22 may or
may not be connected to the internal components 20 of the
first chip. For example, the first chip may be made as a
Standard Semiconductor chip having all of the required
connections to internal components through the contacts 18
on the front surface. Wafers treated to form such chips may
be either Severed to make conventional chips or treated as
discussed above to form the pads and traces on the rear
Surfaces as desired. Stated another way, no design changes
in the internal components and circuitry of the chip or in the
masks and process Steps used to form Such internal compo
nents are required. In other cases, it may be desirable to
provide Some connections to Some or all of the pads or traces
from the internal components, So as to Simplify routing
within the chip.
0026. As best seen in FIG. 2, traces 24 extend from pads
24 outwardly toward the edges 16 bounding rear surface 14
and provide bonding points 26 adjacent the edges 16. The
bonding points are also exposed on the rear Surface 14 So
that these points are accessible for connections as discussed
below. Depending upon the width and composition of traces
24, the bonding points may have the same width and
composition as the remainder of the trace or may be enlarged
in width relative to the remainder of the trace. The pads,
bonding points or both may have additional materials to
facilitate bonding as, for example, gold plating.

0027 Chip 10 is mounted on a substrate 30 (FIG. 3) so
that the front surface 12 of the chip faces toward the
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Substrate and so that contacts 18 on the front Surface are

connected to conductive features (not shown) in or on the

substrate. The particular substrate illustrated in FIG. 3 is a
package Substrate and has terminals 32 on the opposite
surface from chip 10. These terminals are arranged for
connection to an external circuit board, as discussed below.

Contacts 18 may be bonded to the conductive features of the
substrate 30 by masses of bonding material 34 as, for
example, Solder balls, Solid core Solder balls, polymeric
bonding materials or other bonding materials. Thus, the first
chip is secured to the Substrate with the rear surface 14
facing upwardly, away from the Substrate.

0028. In the next step of the process (FIG. 4), traces 24

and hence pads 22 are electrically connected to other con
ductive features on the substrate by wire bonds 36 extending
between the bonding points 26 of the traces and other

conductive features (not shown) of substrate 30. Depending

upon the desired circuit, the conductive features of the
Substrate may include traces which interconnect Some or all
of the contacts 18 with Some or all of terminals 32; inter
connect Some or all of wire bonds 36 and hence Some or all

of pads 22 with terminals 32; and interconnect Some or all
of the wire bonds 36 and pads 22 with some or all of the
contacts 18. The conductive features of the Substrate also

may optionally connect Some or all of contacts 18 with one
another and/or some or all of wire bonds 36 and pads 22 with
one another So as to provide internal routing for Signals
and/or power or ground Voltages within a single chip.
0029. In the next stage of the process, a second semicon
ductor chip 40 having a body with a front surface 42, rear
Surface 44 and contacts 46 connected to internal components

(not shown) within the second chip is mounted on the first
chip 10 so that the contacts 46 are bonded to and electrically
connected to pads 22 on the rear Surface of the first chip.

Thus, the contacts 46 are interconnected with Substrate 30

and, hence, with terminals 32. If some or all of the pads 22
on the rear Surface of the first chip are connected to internal
components of the first chip, the Second chip also will be
connected to the internal components of the first chip. The
resulting assembly provides a multi-chip, Stacked package
which can be handled and mounted as a unit. For example,
as shown in FIG. 5, the package can be connected to a
circuit panel 50 by bonding terminals 32 to pads 52 on the
circuit panel. Alternatively, where terminals 32 are arranged
to accommodate other mounting processes, these other
mounting processes can be used. For example, terminals 32
may be pins, leads or other conventional features commonly
used to connect and Secure a chip package to a circuit panel
and the mating features of the circuit panel may be arranged
accordingly. Thus, where terminals 32 are in the form of
pins, the circuit panel may be provided with or replaced by
a Socket having apertures arranged to receive the pins.
0030. A chip assembly according to a further embodi
ment of the invention has a first chip 110 similar to the first
chip 10 discussed above, in that the first chip 110 has
contacts 118 on its front Surface 112 and pads 122 and traces
124 on its rear Surface 114. However, the contacts 118 of the

first chip are connected to conductive features 131 of
substrate 130 by leads 134 extending between the substrate
and the first chip. These leads may be flexible and the first
chip may be mechanically Secured to the Substrate by
Structures Such as a compliant layer 135 which permits Some
movement of the substrate relative to the first chip. The
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mounting arrangements for the first chip may be, for
example, as shown in any or all of the following U.S.
patents, the disclosures of which are incorporated by refer

110, 140 and 108 desirably are formed from similar mate
rials as, for example, where all are formed predominantly

ence herein: U.S. Pat. Nos. 5,148,266; 5,148,265; 6,054,
756; 5,489,749; 5,679,977; 5,518,964. As in the embodi

pads and bonding materials which interconnect these chips
provide good thermal communication between adjacent
chips. The thermal conductivity of the encapsulant also
contributes to Such thermal communication between adja
cent chips. These factors tend to minimize differential ther
mal expansion between adjacent chips and enhances the
reliability of the bonds between adjacent chips.
0033 Numerous variations and combinations of the fea
tures discussed above can be utilized. For example, the
assembly of FIG. 10 has a second chip 240 mounted in
face-up orientation on the first chip 210, So that the contact
bearing or front Surface 242 faces upwardly, away from the
first chip 210. The contacts 246 of the second chip are
connected to pads 222 and, hence, to traces 224 on the rear
surface of first chip 210 by conductors such as wire bonds
243. Also, the traces 224 on the rear Surface of the first chip
need not define bonding pads at or adjacent the periphery of
the first chip. For example, Some of the traces 224 terminate
at bonding pads 226a which are remote from the periphery
of the first chip. Further, the traces on the rear surface of the
first chip need not be connected to the substrate by wire

ment discussed above, Substrate 130 is a package Substrate
and includes terminals 132 adapted for connection to an
external circuit Such as to a circuit panel. In the embodiment
illustrated, Some of these terminals are disposed on a central
region of substrate 130 which is aligned with the first chip
110. Also, in the particular arrangement illustrated, the
contacts 118 of the chip are disposed adjacent the edges 116
of the chip body so that the leads 134 and conductive
features 131 which connect the terminals 118"fan-in” or

extend inwardly toward the geometric center of the chip
Surface from the contacts 118 towards the terminals 132 on

this central region of the Substrate.
0.031) Once again, the traces 124 and pads 122 are
electrically connected to substrate 132 by wire bonds 136

(FIG. 7) and a second chip 140 is mounted on the first chip

by bonding the contacts 146 of the second chip to the pads
122 on the rear Surface of the first chip, as depicted in FIG.
7. In this embodiment, second chip 140 has additional pads
102 and traces 104 on its rear surface 144 so that these pads
and traces face upwardly, away from the first chip 110 and
substrate 130 when the second chip is mounted on the first
chip.
0032. In the next stage of the process, the traces 104 and
hence pads 102 of the Second chip are connected by addi

from Silicon-based Semiconductor materials. Moreover, the

bonds. Thus, as illustrated in FIG. 10, traces 224 are

connected to pads 262 on Substrate 260 by a tape-like
Structure including traces 280 and a polymeric backing 282.
Other forms of connectors can be employed. Here again,
however, the traces 224 on the rear surface of the first chip

tional wire bonds 106 to the conductive features of Substrate

Serve to redistribute the connections to the contacts of the

130 as depicted in FIG. 8. Following completion of these

Second chip and also provide locations for making connec

additional wire bonds, a third semiconductor chip 108 (FIG.
9) is mounted on the second chip 140 and electrically
connected to pads 102 on the rear Surface of the Second chip,
as by bonding contacts 109 on the front Surface of the third
chip to pads 102 on the rear Surface of the Second chip. A
thermally-conductive, preferably metallic heat Spreader or
“can'150 is secured to the rear surface 151 of the third chip.
The space surrounding the chips, between spreader 150 and
substrate 130, desirably is filled with an encapsulant 152.
The encapsulant preferably is a dielectric material and
desirably extends into the Spaces between the chips. So that
it Surrounds the masses of bonding material used to connect
the chips to one another. Optionally, different portions of the
encapsulant may have different physical properties as, for
example, different modulus of elasticity. The encapsulant
also may be loaded with a dielectric, thermally conductive
material as, for example, Silicone nitride. Once again, the
finished assembly provides a packaged chip assembly which
can be mounted to an external circuit Such as a circuit panel
160 in the manner discussed above So as to connect termi

nals 132 to conductive features such as pads 162 on the
circuit panel. In use, differential thermal expansion of circuit
panel 160 and chip 110 causes the contacts 118 of the first
chip 110 to move somewhat relative to the pads 162 on the
circuit panel. AS discussed in the foregoing patents incor
porated by reference herein, moveability of terminals 132
allows a significant portion of this relative movement to be
accommodated by movement of the terminals 132 on Sub
strate 130 relative to the first chip 110 and relative to the
contacts 118 of the first chip. This, in turn, alleviates stresses
on the bonding material 163 used to connect the terminals
132 and pads 162. The wire bonds 106 and 136 can flex and
allow movement of terminals 132 relative to the chips. Chips

tions to Such contacts. Further, the Substrate need not be a

package Substrate. Substrate 260 is an ordinary circuit board
and chip 210 is simply mounted directly to the circuit board
using conventional “flip-chip’ arrangements.
0034. In the embodiments discussed above, the traces and
pads are fabricated in Situ on rear Surfaces of the chips. In
other arrangements, however, the traces and pads can be
provided on a separate Structure which is then fused or
bonded with the rear Surface of the appropriate chip So that
Such structure effectively becomes a permanent part, of the
chip itself.
0035. As these and other variations and combinations of
the features discussed above can be employed, the foregoing
description of the preferred embodiments should be taken by
way of illustration rather than by way of limitation of the
present invention.
1. A Semiconductor chip having a body with oppositely
directed front and rear Surfaces, contacts on Said front

Surface and internal components within Said body electri
cally connected to Said contacts on Said front Surface, Said
chip also having pads on Said rear Surface electrically
isolated from Said internal components and traces on Said
rear Surface electrically connected to Said pads.
2. A chip as claimed in claim 1 wherein Said internal
components include active devices.
3. A chip as claimed in claim 1 wherein Said internal
components consist only of passive devices.
4. A chip as claimed in claim 1 wherein Said body has
edges bounding Said front and rear Surfaces and Said traces
include bonding points disposed in the vicinity of Said edges.
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5. A chip assembly comprising:

(a) a first Semiconductor chip including a first body with

oppositely-directed front and rear Surfaces, said first
Semiconductor chip having internal components within
Said first body, contacts on the front Surface connected
to Said internal components, Said first Semiconductor
chip also having pads on the rear Surface of Said first
body and traces extending from Said pads along the rear
surface of the first body;

(b) a Second Semiconductor chip including a second body

with oppositely-directed front and rear Surfaces, Said
Second Semiconductor chip having internal components
within the second body and contacts on the front
Surface of the Second Semiconductor chip,
Said Second Semiconductor chip being mounted on Said
first Semiconductor chip So that Said Second Semi
conductor chip overlies Said rear Surface of Said first
Semiconductor chip, Said contacts of Said Second
Semiconductor chip being electrically connected to
Said pads of Said first Semiconductor chip.
6. A chip assembly as claimed in claim 5 wherein Said
front Surface of Said Second Semiconductor chip confronts
Said rear Surface of Said first Semiconductor chip.
7. A chip assembly as claimed in claim 6 wherein Said
contacts of Said Second Semiconductor chip are bonded to
Said pads of Said first Semiconductor chip by masses of
electrically conductive bonding material.
8. A chip assembly as claimed in claim 5 or claims 6 or
claim 7 further comprising a Substrate, said chips being
mounted on said Substrate with said front Surface of said first

Semiconductor chip facing toward Said Substrate, Said con
tacts of Said first Semiconductor chip being electrically
connected to Said Substrate, Said traces of Said first Semi

conductor chip also being electrically connected to Said
Substrate So that Said contacts of Said Second Semiconductor

chip are connected to Said Substrate through Said pads and
traces of Said first Semiconductor chip.
9. A chip assembly as claimed in claim 8 further bonding
wires extending between Said traces and Said Substrate, Said
traces being electrically connected to Said Substrate through
Said bonding wires.
10. A chip assembly as claimed in claim 9 wherein said
first Semiconductor chip has edges bounding Said front and
rear Surfaces of Said first body, and wherein Said bonding
wires are connected to Said traces adjacent Said edges.
11. A chip assembly as claimed in claim 8 wherein Said
contacts of Said first Semiconductor chip are connected to
Said Substrate by masses of bonding material disposed
between Said contacts of Said first Semiconductor chip and
Said Substrate.

12. A chip assembly as claimed in claim 8 wherein Said
contacts of Said first Semiconductor chip are connected to

Said Substrate by leads extending between Said contacts of
Said first Semiconductor chip and Said Substrate.
13. A chip assembly as claimed in claim 8 wherein Said
Substrate is a package Substrate adapted for mounting on a
circuit panel.
14. A chip assembly as claimed in claim 13 wherein Said
Substrate has terminals adapted for connection to a circuit
panel, Said terminals being movable with respect to Said first
Semiconductor chip.
15. A chip assembly as claimed in claim 8 wherein said
Second Semiconductor chip has pads and traces on the rear
Surface of Said Second body, the traces of Said Second
Semiconductor chip being electrically connected to Said
Substrate, the assembly further comprising a third Semicon
ductor chip overlying Said rear Surface of Said Second
Semiconductor chip and electrically connected to Said pads
of Said Second Semiconductor chip.
16. A method of making a Semiconductor chip assembly
comprising the Steps of:

(a) mounting a first Semiconductor chip to a Substrate So
that a front Surface of the first Semiconductor chip faces
toward the Substrate and a rear Surface of the first

Semiconductor chip faces away from the Substrate, and
So that terminals of the first Semiconductor chip on the
front Surface thereof are electrically connected to the
Substrate;

(b) making electrical connections between traces on the

rear Surface of the first Semiconductor chip and the
Substrate to thereby connect pads on the rear Surface of
the first Semiconductor chip with the Substrate, and

(c) mounting a second Semiconductor chip to the first
Semiconductor chip So that contacts of the Second
Semiconductor chip are electrically connected to the
pads of the first Semiconductor chip, whereby the
Second Semiconductor chip is connected to the Sub
Strate through the pads and traces on the rear Surface of
the first Semiconductor chip.
17. A method as claimed in claim 16 wherein said step of
making electrical connections includes wire-bonding the
traces of the first Semiconductor chip to the Substrate.
18. A method as claimed in claim 17 wherein said

wire-bonding Step is performed before mounting the Second
Semiconductor chip on the first Semiconductor chip.
19. A method as claimed in claim 18 wherein said second

Semiconductor chip has said contacts on a front Surface and
Said Step of mounting the Second Semiconductor chip on the
first Semiconductor chip is performed So that Said front
Surface of Said Second Semiconductor chip confronts Said
rear Surface of Said first Semiconductor chip.

